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SUMMARY PAGE *

THE PROBLEM

To select a homogeneous population of experimental nonhuman primates for
research projects.

FINDINGS

A selection process has been developed by the authors to insure investigators
that animal subjects used in their experiments will accurately reflect biological changes
associated with the project design. The procedure involved the following: complete
physical examination; complete hemogram, serum electrolytes, serum biochemistry,
body weight, and anthropometric determinations; aging by dentition; electrocardio-
graphy; total-body radiography; fecal culture; fecal ova, and parasite examinations;
and examination of other conditions. Arithmetic means and standard deviations were
calculated and used to eliminate monkeys whose values varied from the mean by more
than two standard deviations. On the basis of the selection criteria, 47 of the original
120 monkeys in the group were deleted due to abnormalities, severe illness, disability,
or death. Also described are: the methods and techniques used to select paired rhesus
monkeys on the basis of normal values established for the population from which they
were derived, the reasons for rejecting subjects, and some observations and experiences
of the authors. Specific techniques for cholecystography and intravenous pyelography
in rhesus monkeys using radio-opaque contrast media have been detailed.
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INTRODUCTION

The selection of a homogeneous population of experimental animals for research
projects is a major responsibility of veterinarians supporting biomedical activities. Con-
trol and experimental subjects must be paired as closely as possible if minor effects of
experimental protocols are to be successfully evaluated. A general outline is presented
for the complete physical examination of rhesus monkeys preparatory to their selection
for projects where uniform populations and pairs of animals are required. The same exa-
mination procedures can be modified as necessary to provide the laboratory animal
veterinarian with a routine physical and laboratory examination procedure for use in
the monkey colony.

PROCEDURE

A group of 120 rhesus monkeys (Macaca mulatta), initially purchased as a single
shipment from another research facility, ToinTiieTo-M" female and 59 male monkeys of
mixed ages and weights. Upon arrival at our laboratory, the animals were immediately
placed into a quarantine holding area for 6 weeks. During that period, the monkeys
were tested for tuberculosis by using 0. 1cc Koch's Old Tuberculin* injected intrapalpe-
brally. The entire group was released from quarantine status after three negative intra-
palpebral tuberculin tests over the 6-week period had been obtained. All monkeys
were maintained on a diet of monkey chow** that was supplemented regularly with
fresh oranges and applies.

Tho initial screening procedure involved an analysis of the hemogram, serum
biochemistry values, and serum electrolyte values. Venipuncture was performed after
completion of the quarantine. All monkeys were fasted for 17 hours and then given a
restraint dosage of a neuroleptic-narcotic combination drug, fentanyl-droperidol***,
at a dosage of 1 cc per 18.2 kg body weight intramuscularly (9). Blood samples were
obtained from the femoral vein, placed in serum and heparinized test tubes, and then
subjected to a battery of tests. Normal values for the hemogram, serum biochemistry,
and serum electrolytes, determined in another study (6), are presented in Tables I, II,
and Ill, respectively. Each monkey's values were compared with the range of "normal"
values (mean t 2 gtandard deviations), and any monkey whose blood values were beyond
the limits established as "normal" was eliminated from further consideration for the
research project.

*Jen-Salsbery Laboratories, Kansas City, Missouri, 64141

**Purina Monkey Chow, Ralston Purina Co., St. Louis, Missouri.

***lnnovar, McNeil Laboratories, For Washington, Pennsylvania.
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Table I

Hematological Values for the NAMRL Rhesus Monkey Colony

Males Females

Mean S.D. Mean S.D.

erythrocytes x 10 /mm3 5.25 0.46 5.00 0.39

hemoglobin gm% 15.10 1.10 14.60 1.00

hematocrit % 42.90 4.40 41.80 4.00

MCV microns3  79.60 5.60 80.40 5.70

MCH picograms 29.40 1.10 26.70 1.40

MCHC % 38.30 2.40 32.80 1.80

leukocytes x 10 3/mm3 7.60 5.20 8.30 5.70

lymphocytes/100 WBC 43.80 9.60 57.30 9.50

neutrophi Is/100 WBC 32.00 8.40 35.20 8.60

band cells/100 WBC 1.80 1.40 1.90 1.00

monocytes/100 WBC 0.56 0.79 0.59 0.87

eosinophlts/1l0 WBC 2.30 2.20 2.20 1.80

basophils/lO0 WBC 0.49 0.73 0.39 0.71

2

0 .- . - ~ - . - -.-.---.



Table II

Biochemical Values for the NAMRL Rhesus Monkey Colony

Males Females

Mean S.D. Mean S.D.

total protein gm% 7.4 0.58 7.6 0.71

albumin gm% 4.2 0.38 4.0 0.40

cholesterol mg% 146.9 28.50 140.9 25.00

BUN mg% 23.5 4.4 22.8 4.70

glucose mg% 102.4 20.1 89.8 18.30

triglyceride mg% 57.7 18.8 56.2 12.10

SGOT I U./lIter 28.4 9.0 28.1 8.10

SGPT I.U./liter 25.9 8.0 24.4 9.70

LDH I .U./liter 348.1 214.7 364.0 177.30

CPK I .U./liter 159.8 133.3 164.7 95.00
albumin % total protein 61.5 4.7 60.5 6.20

globulins % total protein

alpha 8.8 2.0 9.2 2.60

beta 17.9 3.3 17.0 3.70

gamma 11.0 4.4 13.3 5.20
lipoproteins % total lipoproteins

alpha 64.1 3.0 64.3 1.00
pre-beta 10.6 6.9 10.1 7.70

beta 26.4 7.5 26.6 7.40
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Table III

Serum Electrolyte Values for the NAMRL Rhesus Monkey Colony

Males Females

mEq/L Mean S.D. Mean S.D.

calcium meq/'lter 5.4 0.21 5.3 0.22

sodium meq/liter 147.2 3.80 147.5 5.10

potassium meq/liter 3.6 0.34 3.3 0.25

After venipuncture, the monkeys' ages were determined by dentition (3). They
were also weighed at this time. Anthropometric determinations were made according to
the procedure outlined in detail in a previous report from this laboratory (2), with slight
modifications and abbreviations. Whole-body radiographs were taken while the monkeys
were sedated, with the animals positioned for an anterior-posterior exposure. For most
monkeys, diagnostic quality radiographs were obtained vw 1h 87 kvp, 300 ma, and 1/30
second exposure settings at a focal-film distance of 40 inches (101 .6 cm). A bucky tray,
rapid process x-ray film*, and high-speed cassettes** were used for all radiographs. The
films were processed on an automatic processor***.

While the monkeys were still under the influence of the neuroleptic-analgesic
drug, they were placed In acrylic restraint chairs and electrodes were attached for
recording an electrocardiogram. Using an electrocardiograph****, each monkey's
electrocardiogram was recorded for Leads I, II, Ill, aVR, aVL, and aVF at a paper speed
of 25 mm per second. The specific techniques for obtaining the electrocardiograms and
calculation of the various electrocardiographic parameters are reported elsewhere (5).

*DuPont Cronex-4• E.I. DuPont de Nemours & Co., Inc., Wilmington, Delaware.

"**High Speed Radelin TF-2 cassettes, E .I. DuPont de Nemours & Co., Inc.,

Wilmington, Delaware
***Kodak M15 automatic processor, Eastmas Kodak Co., Rochester, N. Y.

****Hewlett Packard electrocardiograph Model 1514A, Hewlett Packard, Kenner,

Louisiana 70062.
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A complete physical examination during which the monkeys remained in the
acrylic restraint chairs followed their recovery from sedation. The examination consisted
of the items listed in Table IV. The ophthalmological examination was done with a stan-
dard direct ophthalomoscope and 1% tropicamide solution*. The drops were instilled into
each eye 10 to 15 minutes prior to ophthalmoscopic viewing of the ocular fundus in order
to permit dilation of the pupils. The fecal samples were taken from each monkey for
direct smears and fecal floatations for intestinal parasite ova. Fecal culture samples were
obtained by rotating a sterile cotton swab in the rectum and directly smearing a MacCon-
key agar plate, and then placing the remainder of the sample in selenite broth for incu-
bation.

RESULTS

Nineteen monkeys were disqualified from further consideration for a planned
research project due to abnormal hematological, serum biochemical, or serum electro-
lyto values.

On the basis of electrocardiographic findings, 10 animals were deleted due to
axis degree determinations exceeding the normal range. Eight of these monkeys had
axis deviations suggestive of left ventricular hypertrophy, one of right ventricular hyper-
trophy, and one of biventricular hypertrophy. Normal values for the male and female
groups (5) are presented in Table V. Medical or anatomical problems on physical exami-
nation resulted in the elimination of seven monkeys from further consideration. One
animal had anisocoria, and one an abnormal-appearing optic disc on ophthalmoscopic
examination. No other ocular abnormalities were noted. Problems considered severe
enough to result in rejections included: severe gingivitis, severe traumatic injury and
scarring of the tongue, surgical amputation of the arm, extensive ulceration of the
cheek pouch and gingiva, chipped/broken teeth, abnormal optic disc, impacted teeth,
testicular atrophy, and chronic diarrhea.

The fecal ova and parasite tests indicated that the overwhelming majority of
monkeys were free of intestinal parasites. Each monkey had been treated at the previous
research laboratory with a two-dose regimen of thiabendazole 300 mg per as. A few
monkeys had been parasitized by Trichuris, Oesophagostomum, and Strongyloides species
and were treated with 100 mg thiabendaz1e"* per kg' body weight per os twice at 2-week
intervals. Fecal bacteriological cultures did not detect any Salmonella or Shigella car-
riers in the population.

The male monkeys ranged in age, as determined by dentition, from 24 to 54
months, with a mean age of 42.2 months (standard deviation - 5.8 months). The female
monkeys ranged in age from 24 to 80 months, and their mean age was 50.1 months
(standard deviation t 8.8 months).

*Alcon Laboratories, Inc., Fort Worth, TX 76134

"**Equisole, Merck, and Co., Rahway, N. J. (280 mg Equisole - 100 mg thia-

bendazole)
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Table IV

Routine Physical Exam

Tattoo Number Date
Sex
Weight
Species

ECG
Blood Pressure

___Ocular Motility
___Pupillary Reflexes (Direct and Indirect)

Fascial Muscle Tone
___Apply Mydriatic Agents to Dilate Eyes

Head, Face, Scalp, Neck
Mouth, Teeth, Throat

___Noso, Nostrils
Ears, Otoscopic Exam

______Upper Extremities/Hands
_Palpate Abdomen (Liver, Spleen, Kidneys)
Lower Extremities/Feet

. Auscultate Hear-
"Auscultate Lungs
Palpate Cervical, Axillary, Femoral Lymph Nodes, Femoral Pulse

Spine
_Skin, Haircoat, Skin Hydration
Palmar Reflex
1atellar Tendon Reflex
Babinski Reflex (Plantar)
_Superficial Abdominal Reflex
Audi tory-Palpebral Reflex
Direct Ophthalmoscopy
Remove from Chair and Check for Hernia
Perineal Region (Anus, Genitals)
Locomotor Activi ty/'Proprioception
bisposition/Character
Other (State)

.Temperature
Fecal
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The males ranged in weight from 3.38 to 8.45 kg. The mean male weight was
5.01 kg (standard deviation t 1.2 kg). The female weights ranged from 3.13 kg to
6.99 kg. The mean female weight was 4.67 kg (standard deviation = 0.74 kg).

The whole-body radiographs revealed two medical problems and resulted in the
rejection of eight monkeys. One monkey had a fractured clavicle and was eliminated
due to concern for additional injury since the research selectees would be subjected to
frequent handling and manipulation. The radiographs of seven other monkeys contained
evidence of abdominal opacities. Lateral radiographs and additional anterior-posterior
radiographs located the stationary opacities in the area of the gall bladder or the right
kidney. To investigate this problem, the classical human cholecystographic technique
and the intravenous pyelographic techniques were modified for use in rhesus monkeys. A
review of the literature indicated that spontaneous cholelithiasis is rare in rhesus monkeys.
Only one report was located (7).

To perform cholecystography, iopanoic acid* per os was used as the opacifying
contrast media. The monkeys were fasted for 24 hours prior to the radiography. They
were then administered ketamine** HCI intramuscularly at the dosage of 20 mg per kg,
and atropine sulfate at the dosage of 0.02 mg per kg given subcutaneously to facilitate
handling, placement of the nasogastric tube, and radiography. These seven monkeys
ranged in weight from 4.20 kg to 5.18 kg, with a mean of 4.51 kg and a standard devia-
tion of 0.36 kg. Sinc e they all weighed approximately the same, an empirical dosage of
1 gram iopanic acid was used for each animal. A plain radiograph was made of each
monkey just prior to injection of the contrast media into the stomach. A french 8-gauge
nasogastric tube was placed through one nare and into the stomach. One gram of iopanic
acid was crushed and mixed with 30 cc warm tap water in a 50-cc disposable syringe to
obtain a suspension. The suspension was then slowly injected into the nasogastric tube
while continuously swirling the liquid to keep the particles of the relatively insoluble
iopanoic acid swispended. Anterior, posterior, and right lateral recumbent radiographs
were obtained at times zero hours, 2 hours, 6 hours, 10 hours, and 20 hours post-
iopanoic acid administration, using the same radiographic procedure previously described
for the whole-body screening radiographs. In an attempt to visualize the biliary duct
system, 15 cc of a cholecystokinetic emulsion*** were administered per os by syringe at
approximately 16 hours post-iopanoic acid, and 20 minutes before radiographs were taken
to visualize the ducts. This procedure was tried on one monkey and was only partially
successful in causing contraction of the gall bladder and visualization of the duct system.
Figures 1 and 2 show anterior-posterior radiographs of one monkey with a right abdominal
opacity of unknown origin. The first radiograph (Figure 1) was taken before administra-
tion of iopanoic acid. The second radiograph (Figure 2) was obtained at 20 hours post-
iopanoic acid ingestion. Figure 2 clearly shows the contrast media within the gall
bladder and that the opacity of unknown origin is not within the gall bladder. Right
lateral radiography showed that the opacity was located in the area of the right kidney;
therefore, a technique of intravenous pyelography was developed to investigate our sus-
picions that these opacities were uroliths.

*Telepaque 500 mg tablets, Winthrop Laboratories, New York, N .Y. 10016.

**Vetalar, 10 mg/cc, Parke, Davis and Co., Detroit, Michigan 48232.
***G.B. - Prep emulsion, Gray Pharmaceuticals Co., Yonkers, N.Y. 10701
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Figure 1. Anterior-posterior radiograph of rhesus monkey showing right cibdominal
opacity (arrow).
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The absence of reports or mention of spontaneous urolithiasis in the literature
indicates that this entity is rare in rhesus monkeys. A case report of urolithiasis in
one Macaca cyclopis monkey and a literature review were published in 1969 (8). To
perfoirm"ntavenous pyelography, we modified the human technique and dosage by trial
and error, starting with a dosage regimen of contrast media solution extrapolated from
the human pediatric dosage. Ketamine HCI and atropine sulfate were again used to
facilitate handling, injection of the contrast agent, and radiographic techniques.
Meglumine diatrizoate* injection U.S.P. was used as the contrast media. Seven and
one-half cc of this solution were injected into the saphenous vein. The frequent adverse
reaction, emesis, reported in humans also occurred in our monkeys. Anterior-posterior
and right lateral recumbent radiographs were taken at times zero minutes, 30 seconds,
1 minute, 2 minutes, 4 minutes, and 6 minutes post-injection of the contrast solution.
Figure 3 shows an anterior-posterior radiograph of a suspected urolith in the right kidney
of one of the monkeys examined, taken at 6 minutes post-injection of the meglumine
diatrizoate solution. Although these seven monkeys were otherwise normal, they were

deleted from the general population of monkeys available for a research project to enable
us to monitor their condition. After cholecystography and intravenous pyelography,
cholelithiasis and urolithiasis were deleted as possible causes of the opacities. It is
possible that these dense objects represented fragments from gun pellets. Adrenal mine-
ralization also occurs in animals, including man, and this is another possible explana-
tion for radioopacities in the supra renal area (1).

Four monkeys died of spontaneous ailments between the time of arrival and the
start of the study. Monkey 603B was losing weight and in poor general condition on
arrival. She was found dead in her cage one morning. Necropsy revealed typical signs
of malnutrition, including absence of adipose tissue. The specific cause of death
remains unknown because of the nonavailability of an assigned pathologist from 1973
until 1976. A second monkey was also found dead in its cage. Necropsy thowed hydro-
metra, pneumonia, and an almost complete gastric obstruction from the i )gestion of
pino wood fibers (4). The third fatality resulted from pulmonary emphysema, cause
unknown. 'The fourth monkey that died had a generalized lymphadenopathy.

After the selection process outlined above was completed, 47 monkeys had been
rejected for various single or multiple reasons, and 73 remained physically qualified for
selection for a proposed research project. The monkeys then had to be paired by sex,
weight, and age to become control or experimental group subjects. Whenever possible,
temperament and general body conformity were used to further refine the final selection
process. We sometimes found that animals which were approximately the same age by

denti.-on were often extremely different in size and conformity; for example, the two
females shown in Figure 4. Monkey 3Z7 weighed 11.1 kg and had just reached an age
of 90 months while monkey 775B weighed 3.2 kg and was between the ages of 80 and
90 months. Another interesting point was that we would occasionally find a young mon-
key that was far larger and heavier than an older monkey. Figure 5 shows a male rhesus
that weighed 9.7 kg and was 48 months of age compared with a male monkey that
weighed 6.4 kg and was 90 months or older.

*Reno-M-60, E.R. Squibb & Sons, Inc., New York, N. Y. 10022.
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Figure 3. Ante rior-posteri or radiograph of rhesus monkey taken 6 minutes after intra-
venous injection of contrast media. White arrows indicate position of renal
pelvics. Black arrow indicates right abdominal opacity.
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Of the 73 physically qualified monkeys, 32 pairs of animals were selected for
a proposed project. The other monkeys could not be paired because of incompatibilities.
Some monkeys were the same age, but not the same weight. Others were the same weight,
but not the same age. Sometimes they were the same age and weight, but not of the same
sex.

DISCUSSION

Of the original group of 120 rhesus monkeys, 47 (39.2%) were ,'iminated from
consideration for a research project. Seven of the rejected monkeys had more than one
abnormality. The 64 selected monkeys represented only 53.3% of the original group of
animals, which was considerably below our expectations at the outset of the screening
process. With the ever-increasing costs of purchasing and maintaining rhesus monkeys,
and the recent complete embargo by the government of India, it will not be surprising
if some minor compromises occur. in selecting animals for future studies.

Selecting pairs of monkeys by sex, weight, and age fairly well defined the
physical characteristics of our rhesus monkeys. Since some parameters measured in
research experiments are age-dependent, such as hormone levels and reproductive capa-
bilities, It is well advised to determine age by dentition when accurate birth records are
not available. The method is fairly simple and uncomplicated, and accurate up to 80
to 90 months uf age.

It has been shown that many possible selectees for a project are eliminated by
careful analysis of the hemogram, serum chemistry, physical examination, electrocardio-
graphy, and total-body screening radiography.

We were very satisfied with the safe, predictable, short action of Ketamine
HCI. It was more predictable than the fentanyl-droperidol combinations. Another
advantage of the drug is that the monkeys retained the swallowing reflex.\ This was
especially Important when emesis occurred during Intravenous pyelography using
meglumine diatrizoate. It also enabled us to place a nasogastric tube easily into the
monkeys without much fear of it going into the trachea.
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